
MARTIN MARIETTA ASTRO SPACE

18 March 1994

POST OFFICE BOX 800

PRINCETON, NEW JERSEY 08543-0800

TELEPHONE (609) 490-4660

FAX (609) 490-2211

Office of the Secretary
CC Docket No. 92-297
Federal Communications Commission
1919 M Street N.W.
Washington, DC 20554

Reference: I
I

CC Docket No. 92-297
. ~"..--... -..,.. /

RECE\VED
MAt< II ,994

FCC· MAll ROOM

In accordance with the provisions in Article IV.B.11 of the above referenced Docket, Martin Marietta
Astro Space hereby applies for membership in the Advisory Committee that is planned to be chartered to
negotiate the technical regulations concerning the redesignation of the 27.5 to 29.5 GHz frequency
spectrum band to shared use between satellite uplink and terrestrial point-to-multipoint service providers.

In accordance with the provisions of said article, the required application information is as follows:

(a) name of wplicant and description of interests the entity will represent

The name of the applicant is: Martin Marietta Astro Space

Description of interests that the entity will represent:

Martin Marietta Astro Space will represent our own interests as a spacecraft manufacturer and the
interests of our present and potential customers which are studying and planning satellite services using
this frequency band.

(b) evidence that the Wt>licant is authorized to represent parties related to the interests the entity proposes
to re,present.

Martin Marietta Astro Space would represent its own significant business interests.

In addition, Martin Marietta Astro Space is in process of discussions with a potential customer for a
commercial satellite network venture that might employ a fixed service satellite uplink in the subject
frequency band. Because of commercial reasons, we cannot publicly identify this customer, but would be
glad to provide such privileged information to the FCC under separate cover if requested.

(c) a written commitment that the applicant or nominee shall actively participate in good faith in the
develQDment of the rules under consideration

Martin Marietta Astro Space management is committed to active participation in good faith in the
development of the rules under consideration.
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(d) the reasons that IDe entities specified in paragraph 8 do not adeQuately represent the interests of the
entity submitting the rowlication

Martin Marietta Astro Space is one of IDe world's foremost communications satellite manufacturers,
having to date built and successfully launched 39 civilian communications satellites for 15 different
customers, including the NASA's Advanced Technology Satellite (ACTS) which operates in the subject
frequency band. The ACTS program has, among its goals, the task of evaluating the use of the subject
frequency band not only by extended propagation studies conducted at many earth locations over the life
of the satellite, but also in extended experimental demonstrations in actual operational environments.
Martin Marietta Astro Space recently published a technical paper (AIAA-94-0939-CP, copy enclosed)

describing a possible satellite configuration employing ACTS technologies and frequencies to complement
the capabilities, improve public access and correct some shortcomings of the terrestrial based architectures
currently proposed for the National Information Infrastructure a.k.a. "Information Superhighway". This
paper was presented earlier this month at the 15th International Communications Satellite Systems
Conference in San Diego. We feel that any reassignment of IDe subject frequency band to other services
while the ACfS data is still being collected and before IDe operational results have been fully assessed and
communicated to potential service providers may be premature and not in Martin Marietta's or the public
interest.

The interests specified in paragraph 8 include four entities (American Mobile Satellite Corporation, TRW
Inc., Hughes Space and Communications Company, and Loral/Qualeom) who are direct competitors of
Martin Marietta Astro Space or are partially or wholly owned by such competitors (see for example the
enclosed July 20, 1993 New York Times article).

For all the above reasons we do not believe that IDe listed entities would adequately represent Martin
Marietta or our present or potential customer's interests in this matter.
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Abstract

The NASA ACTS spacecraft bas demonstrated
several unique capabilities including adaptive on
demand capacity, compatibility with extremely
small aperture terminals, message switched spot-to
spot communications and use of an uncrowded area
of the frequency spectrum. A possible configuration
for a large operational satellite exploiting these
technologies is described. Such a satellite could
satisfy, at least in part, the increasing global demand
for data communications capacity and
interconnectivity and could serve as a vital link in
the proposed US National "Information
Superhighway".

Introduction

Information is regarded today as a fundamental
factor of production, alongside capital and labor.
According to studies by personnel of the Wodd
Bank, the information sector accounted for one-third
to one-balf of the Gross Domestic Product (GOP)
and of employment in the OECOl countries in the
19808, and is expected to reach 60% for the
European Community in the year 2000· .
Information also accounts for a substantial
proportion of GOP in the newly industrialized
economies and the modem sectors of less developed
countries. Telecommunications is now widely
considered to be a strategic investment to maintain
and develop competitive advantage at all levels •
national, regional and company/organization.
Countries, companies and organizations which lack
access to modem telecommunication systems cannot
effectively participate in the global economy. This
increasing information intensity bas produced an
unabated demand for better, higber capacity, more
varied and less costly communications services.

In the United States, the Clinton administration bas

•Associate Fellow AIAA, tMember AIAA
tOrganization for Economic Cooperation and Development

proposed the creation of a National Information
Infrastructure (NII)~ also known as the Information
Superhighway. Most discussions to date on the
implementation of such a resource have described
terrestrial based transmission media; usually some
combination of optical fibers, coaxial cables and
twisted pairs. In fact, we are now witnessing the
alliances of cable companies and regional telephone
and data carriers aimed at "cabling up" various
sections of the continental US.

We believe that this "plan" has several deficiencies
that the judicious use of satellites can overcome. In
summary, satellites can:

• provide "equal access" to the NIl, especially to
citizens in remote areas of all 50 states who. for
economic reasons, may never be served by fiber;

• provide an alternate transmission service for
many users that would lead to competitive
pricing structures; and

• provide an independent transmission medium to
restore service in the event of natural and man
made disasters, and extend service to rapidly
developing areas until they can be connected into
the terrestrial structure.

Satellite payload configurations that are based on
the advanced communication technologies
incorporated into NASA's Advanced
Communication Technology Satellite (ACTS) are
especially well-suited to satisfying these mission
requirements.

ACandidate Payload Desi2D

For the purpose of this study we configure a satellite
payload that is a combination of "Operational
ACTS" payloads that have been previously

Copyright C 1993 by Martin ManellA Corporation. Published by lhe American Institute of Aeroaautics and Astronautics. Inc. wilh permission.



Ground Station:

Satellite:

5m
400 Watts
87.0dBW
3.5 dB
30.5 dBlK

1000 Mbls burst
1000 Mbls burst
1000 Mb/s burst

100 Watts
3.3 m
67.9dBW
3.5 dB
2.3m
19.3 dBlK

1000 Mbls per Channel x 4
Channels x 20 Beams = 80,000
Mbls total (QPSK, Rate 3/4
Convolutional Code)

• Uplink: 30 GHz
Four 600 MHz Channels (or Two
1200 MHz Channels)
2400 MHz Total Bandwidth
Single Linear Polarization
20 Switched Beams. 200 Beam
Positions With Spatial Frequency
Reuse

• Downlink: 20 GHz
Four 600 MHz Channels (or Two
1200 MHz Channels)
2400 MHz Total Bandwidth
Single Linear Polarization
20 Switched Beams. 200 Beam
Positions With Spatial Frequency
Reuse

• Antenna Diameter:
• Transmitter:
• EIRP:
• Receiver Noise Figure:
• Gff:
• Rain Degradation Allowance

Uplink: 15 dB
Downlink: 8 dB

• Data Rates (QPSK, Rate 3/4 Convolutional
Code):
Uplink:
Downlink:
Throughput:

• BER

• TWTA Power Amplifier:
• Transmit Antenna Diameter:

• EIRP:
• Receiver Noise Figure:
• Receive Antenna Diameter:

• Gff:
• 1broughput:

• A low burst rate (LBR) subsystem serving all 50
states with scanning spot beams and on-board
demodulation/remodulation using ACfS
Baseband Processor (BBP) technology. This
payload would provide service at Tl rates to
2,400 VSAT ground terminals simultaneously.
This service would primarily be used for business
communications purposes.

HiKh Data Rate (HDRl Subsystem

The HDR subsystem design is based on a similar
system discussed in Ref. 2. The block diagram of
the basic payload is shown in Figure 1. The payload
size is increased by a factor of 2 from that of Ref. 2
to proVide simultaneous operation of 20 switched
uplink and 20 switched downlink beams out of a
total of 200 beam positions. The key
communications link parameters for this service are
shown in Table I.

• A second LBR subsystem also serving all 50
states. This payload would provide a lower rate
data transmission service serving extremely small
aperture terminals. FIXed receive spot beams and
scanning transmit spot beams would provide
service connectivity for rates up to 20 kbls with
earth terminal apertures of about 0.6m in
diameter. ACfS BBP technology would be
augmented with bulk demodulators to efficiently
process up to 30.000 simultaneous users. These
services would be provided primarily to
individual users.

• A high data rate (HDR) subsystem capable of
simultaneously sending data to and from 20
geographic locations selected out of 200 possible
beams at rates up to several Gb/s using IF Switch
Matrix technology. This service could be used
for network trunking. interconnection of
supercomputers. transmission of large data flIes
such as images, and cable backup and restoration.

generated during NASA-funded studies2.J. The
candidate payload for this hypothetical "ISAT"
satellite consists of:

The available 2.5 GHz bandwidth may be divided
into either four 600 MHz channels, two 600 MHz
channels and one 1200 MHz channel. or two 1200
MHz channels. These bandwidths can support the
following coded transmission rates:

Table 1. Key Communications Link Parameters
for IIDR Service
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Fig. 3. Extremely Small Aperture Terminal (ESAT) LBR SUbsystem Block Diagram



Data Rate (Gbls)·
Modulation 600 MHz 1200 MHz

Channel Channel

As an applications example, consider the case where
we wish to transmit an image file of a 160 kID x 160
km surface area that has 1 meter resolution in 4
spectral bands and digitized to 10 bits. This
represents an extremely large data file of
approximately (160,000)2 x 4 x 10 ::= 1012 bits (1
Thit). Even at a 3.8 Gb/s coded (2.85 Gb/s pre
coding) data rate this imagery will require 6 minutes
to transmit.

Binary PSK 0.5
(2PSK 1.0
8-PSK 1.4
16-PSK 1.9

•assumes 1.6 b/sIHz for (2PSK

1.0
1.9
2.9
3.8

Component Qty Qty Unit Totlll unn Totlll
ON ..... Mea Pwr Pwr

(kg) (kg) (W) (W)

3.3m Transmit Anl8Ma 1 38.5 39 0

2.3m Aeceive Antenna 1 21.3 21 0

Feed Assembly &BFNa 2 2 178.2 356 144 288

Input Filter 20 0.1 2 0

3014 GHz Aeceiver 28 20 2.0 55 4 86
IF Switch Matrix &Control 1 1 29.0 29 208 208

UpconverW 28 20 0.7 19 2 30
100 Watt TWTA 28 20 5.9 165 250 5000

Local OscilatOf Assembly 1 1 2.0 2 7 7

Harmonic Filter 20 0.0 1 0

Waveguide 'A' Swit:h 48 0.1 7 0

Coaxial or Switch 48 0.2 9 0

Waveguide & Coax 1 10.9 11 0
........- -----

HDA SUbsystem Total 715 5619

Table 2. HDR Subsystem Payload Equipment

This HDR service uses nearly all the Ka-band
bandwidth available on one polarization (the LBR
subsystems will use the orthogonal polarization).
Since this bandwidth provides only two-to-four
HDR channels, the 20 simultaneous links will have
to employ frequency reuse. Frequency assignments
will be made on the basis of beam-to-beam
isolation.

The satellite lWTA feeding each of the 20 links is
assumed to be 100 Watts (a modest enhancement of
flight qualified 60 Watt Ka-band lWTAs currently
available from a number of manufacturers). This
increase in lWTA power corresponds to a 7 dB link
improvement over that of Ref. 2. This could permit
the use of 16-ary modulation, which requires an
EJNo approximately 7.8 dB higher than QPSK, to
obtain data rates of 3 Gbls per link (assuming the
development of suitable ground modems and a
corresponding increase in ground station EIRP).

The subsystem mass and power estimates are
presented in Table 2. These estimates are
conservatively based on current lWTA performance
and ACfS technology and have not assumed any
potential technology improvements to significantly
reduce on-board equipment power and weight.

II YSAI Low Burst Rate fLBR) Subsystem

The Tl VSAT LBR subsystem architecture is again
based on Ref. 2. The basic block diagram is shown
in Figure 2. As configured, the Tl payload of Ref. 2
requires 400 MHz to service 800 temlinals
simultaneously at the Tl data rate (1.544 MbIs). For
this study this payload size is increased by a factor
of three to service a total of 2,400 temlinals
simultaneously. The payload utilizes a Urn
spacecraft fued beam receive antenna and a 1.6m
scanning beam transmit antenna, which is shared
with the ESAT LBR Subsystem. The key link
parameters for this service are listed in Table 3.

The Tl VSAT service will occupy 1.2 GHz of the ==

2.5 GHz bandwidth available on the polarization
orthogonal to that used for the HDR service. The
subsystem mass and power estimates are presented
in Table 4, again assuming current TWTA and
ACfS technology.



Ground Station:

Satellite:

Extremely Small Aperture Terminal ffiSAD
LBR Subsystem

Table 4. Tl VSAT Subsystem Payload Equipment

The ESAT payload will share the spacecraft
scanning beam transmit antenna with the Tl VSAT
subsystem and will require a smaller (0.5m)
diameter fixed beam receive antenna. The
subsystem mass and power estimates are included in
Table 6.

The ESAT subsystem architecture is derived from
Ref. 3. The basic payload block diagram is shown
in Figure 3. The basic ESAT payload of Ref. 3
requires 100 MHz to service 10,000 simultaneous
users. For this study, this payload size has been
increased by a factor of three to provide
simultaneous service to 30,000 users at a 20 kb/s
data rate per terminal. The service will occupy 300
MHz of the ~ 2.5 GHz bandwidth available on the
polarization orthogonal to that used for the HDR
service. The key communications link parameters
for this service are shown in Table 5.

Component Qty Qty Unit Tot.! Unit Tot.!
ON .......... Pwr Pwr

(kg) (kg) (W) (W)

1.6m Transmit Antenna 1 13.2 13 0

1.5m Receive Antenna 1 15.0 15 0

Feed Assembly & BFNs 2 2 171.9 344 160 320

Input Fllt8I' 30 0.1 3 0

30GHz LNA 42 30 2.0 82 4 129

1().Channel Input 30 4.8 143 0
Multiplexer
Baseband Processor 3 3 62.6 188 669 2007

50 Walt TWTA 42 30 3.2 133 125 3750

Harmonic FiIt8r 30 0.0 1 0
Waveguide 'R' SWitch 60 0.1 8 0
Coaxial or SWitch 60 0.2 11 0

Waveguide & Coax 1 27.2 27 0

- ..........
T1 VSAT SUbsystem Total 968 6206

1 ms

1.5 m
40 Watts
66.6dBW
3.5 dB
19.6dBlK.

50 Watts
1.5 m
0.70 Beamwidth
63.0dBW
3.5 dB
1.6m
0.70 Beamwidth
17.4 dBIK.

200 Mb/s per Downlink Channel x
3 Channels per Beam x 30 Beams
= 18,000 Mb/s Total (QPSK, Rate
3/4 Convolutional Code)

• Antenna Diameter:
• Transmitter:
• EIRP:
• Receiver Noise Figure:
• Gff:
• Rain Degradation Allowance

Uplink: 15 dB
Downlink: 8 dB

• Data Rates (QPSK, Rate 3/4 Convolutional
Code)
Uplink: 20 Mbls TDMA Burst
Downlink: 200 Mbls TDMA Burst
Throughput: T1 (1.544 Mb/s)

• TDMA Frame Duration

• BER

• G!f:
• Throughput:

• EIRP:
• Receiver Noise Figure:
• Receive Antenna Diameter:

30GHz
Ten 40 MHz Channels per Beam
(300 Channels Total), 1200 MHz
Total Bandwidth
Single Linear Polarization
30 Switched Beams, 100 Beam
Positions

• Downlink: 20 GHz
Three 400 MHz Channels per
Beam (90 Channels Total), 1200
MHz Total Bandwidth
Single Linear Polarization
30 Switched Beams, 100 Beam
Positions

• 1WTA Power Amplifier:
• Transmit Antenna Diameter:

• Uplink:

Uplink: 10.1

Downlink: 7 x 10-'
• Number of Simultaneous Terminals

Per Spacecraft: 2400

Table 3. Key Communications Link Parameters
for T1 VSAT LBR Service



• Uplink:

Ground Station:

Satellite:

Payload Totals

Table 6. ESAT LBR Subsystem Payload Equipment

In summary, the ISAT satellite configured herein is
eqUipped with:

• One 303m diameter transmit antenna
• One 203m diameter receive antenna
• One 1.5m diameter receive antenna
• One 1.6m diameter transmit antenna
• One O.5m diameter receive antenna

Component Qty Qty Unit Total Unit Total
ON ........ Pwr Pwr

(kg) (kg) (W) (W)

0.5111 Receive Antenna 1 1.4 1 0
Recelve Feed Assembly 1 14.5 15 0
&BFNs
Input Filter 30 0.1 3 0
3014 GHz Receiver 42 30 2.0 82 .. 129
Baseband Processor 3 3 56.2 169 667 2001
50WattlWTA 42 30 3.2 133 125 3750
Harmonic Filter 30 0.0 1 0
Waveguide 'R' Switch 66 0.1 9 0
Coaxial or Switch 126 0.2 23 0
Waveguide & Coax 1 8.2 8 0

.....- -_.....-
ESAT Subsystem Total 444 5880

• EIRP:
• Receiver Noise Figure:
• Receive Antenna Diameter:

30GHz
Three 100 MHz Channels With
Spatial Frequency Reuse, 300
MHz Total Bandwidth
30 Fixed Beams
Single Linear Polarization

• Downlink: 20 GHz
Three 100 MHz Channels With
Spatial Frequency Reuse, 300
MHz Total Bandwidth
30 Switched Beams. 100 Beam
Positions
Single Linear Polarization

• TWTA Power Amplifier: 50 Watts
• Transmit Antenna Diameter: 1.5 m (Shared

With T1 VSAT
Subsystem)
0.7" Beamwidth
63.0dBW
3.5 dB
0.5m
1.9" Beamwidth

• Gff: 7.6 dBlK
• Throughput: 20 Mb/s per Beam x 30 Beams =

600 Mb/s Total

0.6m
2.5 Watts
46.6dBW
4.0 dB
11.5 dBlK

20 khls Continuous Transmission
20 Mbls TDMA Burst
20 khls

• Antenna Diameter:
• Transmitter:
• EIRP:
• Receiver Noise Figure:
• Gtr:
• Rain Degradation Allowance

Uplink: 15 dB
Downlink: 8 dB

• Data Rates (QPSK., Rate 3/4 Convolutional
Code):
Uplink:
Downlink:
Throughput:

• BER
Uplink: 10'7
Downlink: 7 x 10,7

• Number of Simultaneous Tenninals
Per Spacecraft: 30.000

Table 5. Key Communications Link Parameters
for the ESAT Service

The total payload mass and power summary is as
follows:

Subsystem Mass DC Power
(kg) (Watts)

HDR 715 5619
TlLBR 968 6206
ESATLBR 444 5880

Total 2127 17705

Spacecraft Accommodation

The larger "standard" communications satellites
currently in production typically accommodate
payloads in the 400 to 500 Kg mass and 4 to 6 kW
power range. The proposed payload could be
accommodated by a single much larger satellite or
by a combination of "standard" satellites operating
in complementary fashion, the decision based
primarily on economic, schedule and risk
management factors.



SinKle Satel1jte Accommodatiop

• North/South Stationkeeping Engine Options:

One Liquid Apogee Engine (LAE)
Eight Arcjets
Eight Stationary Plasma Thrusters (SPTs)
Eight Ion Engines

• On-Board Engine Alternatives for LEO to GEO
Transfer.

185 kID Circular Parking Orbit
Standard Geotransfer Orbit, 28° Inclination
Direct Geosynchronous Orbit (Using
Centaur Upper Stage)

• Injection Orbits:

Several mission scenarios have been investigated to
determine methods of achieving geostationary orbit
and different stationkeeping options. Options for the
launcher injection orbit. the engines used for transfer
from Low Earth Orbit (LEO) to Geostationary Orbit
(OSO) and the engines used for North/South
stationkeeping during the mission are listed in Table
8. The Liquid Apogee Engine considered is the
enhanced hydrazine/nitrogen tetroxide bipropellant
engine utilized in Martin Marietta Astra Space
A2100 spacecraft bus. The Arcjet perfonnance
considered corresponds to projected enhancements
to the hydrazine Arcjet thrusters flown on Telstar 4.
Perfonnance for ion and Stationary Plasma Thruster
(SPT) engines are estimated based on current
technology.

15 years
5.6m x 2.7m x 27m

GaAs Cells
156m1

21,500W
NiH
224
1l0AH
24.640AH

• Mission life:
• Structure Dimensions:
• Solar Array:

Total Area:
EOL Output (Equinox)

• Batteries:
Total Number of Cells:
Cell Capacity:
Total Capacity:
Full Eclipse Capability
Maximum 000 < 80%

• Attitude Control: 3-Axis
Zero Momentum Using Reaction Wheels

• Propulsion: Hydrazine Monopropellant
Transfer Orbit Injection: 8 Arcjets
N/S Stationkkeping: 4 Arcjets
E/W Stationkeeping and Backup Attitude
Control: 18 REAs

• Thennal Radiator. Deployable
Total Radiator Area: 77 m1

Accommodation of such a large payload on a single
spacecraft poses a significant. though not
insurmountable challenge. Our studies indicate that
the ISAT mission could indeed be accommodated on
a spacecraft "scaled up" from the Martin Marietta
A2100 spacecraft bus. This spacecraft. conceptually
shown in Figures 4a and 4b, is compatible with
launch by a Titan IV (Figure 6). Salient
characteristics of this spacecraft are shown in Table
7.

• Dry mass:
Primary Structure
Integration Hardware
Mechanisms
Attitude Control
TI&C
Propulsion
Power (incl. batteries)
Harness
Payload

Subtotal
Implementation Margin
Pressurant

Total Dry Mass w/Margin
Liftoff Mass

744 kg
242 kg
42 kg
54 kg
44 kg

246 kg
1268 kg
220 kg

2127 kg

4987 kg
249 kg

14 kg

5250 kg
8620 kg

Arcjets
Stationary Plasma Thrusters
Ion Thrusters

Table 8. Mission Options

All cases assume:

• Titan IVISRMU launch vehicle'
• IS year mission life
• ±O.l° N/S and E/W stationkeeping box
• A single mid-life orbit relocation at a 10/day rate
• Spiral injection maneuver for all low thrust

engine options (90% efficiency is assumed for
spiral injection maneuvers due to inherently
greater requirements for momentum ofOoading)

Table 7. Key ISAT Spacecraft Characteristics The resulting orbit injection maneuver times and dry



Fig. 4a. FulllSAT payloa~n-orbitconfiguration

Ag. sa. 20% /SAT payload- In-orblt configuration

Fig. 4b. Full ISAT payload
LaunchconflgurBtlon

Ag. Sb. 20% ISAT payload
Launch configuration



mass capabilities for the various mission options are
summarized in Table 9. The results indicate that the
optimum mission scenario (indicated by the boxed
line in the Table) appears to be to launch into
standard geostationary transfer orbit (GTO) and then
inject into geosynchronous orbit utilizing multiple
Arcjet thrusters. The use of eight Arcjet thrusters

for injection has been assumed in this analysis,
which is compatible with the available solar array
power. Arcjets are also utilized for North/South
stationkeeping. This mission scenario is compatible
with the [SAT spacecraft dry mass estimate
presented here and achieves injection to mission
orbit in a reasonable time (85 days).

TITAN IV Mass to LEO to GEO Isp (sec) Masato Injection NSSK On..Qrblt
Injection Injection Engine Type GSO(Kg) TIme (days) Engines Dry Mass
Orbit (kg) Used (kg)

185 krn 21640 Ion 3200 17546 1900 Ion 16101
Parking

185 krn 21640 SPT 1600 14226 1720 SPT 12n3
Parking

185 krn 21640 Arcjet 650 n06 500 Arcjet 6491
Parking

185 krn 21640 LAE 328 5707 0.5 Arcjet 4807
Parking

GTO 8620 Ion 3200 8073 254 Ion 7409
GTO 8620 SPT 1600 7561 246 SPT 6789

GTO 8620 Arcjet 650 6243 85 Arcjet 5258

GTO 8620 LAE 328 4848 0.1 Arcjet 4084

DiractGSO 5220 - 5220 - Ion 4790
(w/Centaur)

DiractGSO 5220 5220 SPT 4687
(w/Centaur)

DiractGSO 5220 - 5220 - Arcjet 4397
(w/Centaur)

Table 9. Mission Analysis Summary

Multiple Satellite Accommodation

Distributing the candidate payload among several
satellites permits the use of satellite buses in current
production, with consequent reduction of schedule
and non-recurring costs, as well as al10wing the use
of other launchers such as Atlas and Ariane. A
system cost tradeoff has not been performed, but it
is likely that the total program costs for the multiple
satel1ite approach will be greater than that of the
single satellite approach when one includes the
launcher costs.

One approach is to build 5 or 6 identical spacecraft,
each carrying about one fifth of the total payload.
Such a satel1ite, conceptually shown in Figures 5a
and 5b, is well within the capabilities of
contemporary communications satellite buses and
only presents a challenge to the designer to

accommodate the multiple antenna farm required for
the composite mission. One advantage of this
solution is that service is provided to all 3 classes of
users from each satellite; this permits the 5 or 6
satellites to serve as backups to one another and
would also allow launches to be scheduled
according to service demand. A major disadvantage
is that each satellite would need to carry the full
antenna farm, which represents a mass and cost
penalty on each satellite.

An alternate approach is to split the mISSIon into
three satel1ite pairs. each pair dedicated to a separate
class of service. Thus two satellites would perform
the HDR mission. two satellites the TI VSAT
mission and two saLellites the ESAT mission. This
configuration has the advantage of reduced
complexity in each satellite. since each satellite
would only carry the payload and antennas
corresponding to the individual mission class. Three



different satellite designs would be required, one for
each mission. An operational disadvantage of this
configuration is that full service to the three classes
of users would not be available until three
operational satellites, one of each type. are
launched.

Conclusioo

This paper has attempted to describe several
approaches to high capacity operational
communications satellites employing advanced
technologies that have been developed for the ACTS
satellite. including wideband Ka-Band RF
components. scanning spot beam antennas. and on
board processing. storage and routing of data. Such
satellites are capable of providing new classes of
services to a potentially large segment of new users.
In particular. the application of ACTS technologies
appears to be well suited to complement the
capabilities, improve public access and correct some
shortcomings of the land based architectures
currently proposed for the National Information
Infrastructure, a.k.a. the Information Superhighway.

Currently there is a 2.5 GHz of uplink and downlink
bandwidth allocated to satellite services at Ka-band.
It is important that this spectrum not be re-allocated
to other uses until the role of high capacity satellite
systems have had a sufficient period of time to
develop. Also it is important that any data
transmission protocols developed as standards for
the National Information Infrastructure retain
compatibility with transmission delays to and from
geosynchronous orbit Only thus will the
interconnectivity benefits that can only be provided
by satellites be realized.
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ca~ study in F«Jefal mJ'OP~ The"\
note thai the craft was P'&Jmed JU5.I
as the rising attractiVeness 01 litx-r
opHc cables on \he gJ"OUDd belan to
bring muc!l at the teIoa>mmunica·
_s Industry crashiDc block Ul
EMth

/IIore senorally, I1WJ)' ecooomists
.y Federal oIficials Iact tile tnow~
ed8< 10 predict wllatt~ will
aueceed in the marketplace ond are
DtVer canny with ~r money.
unlike entrepreneurs who list then
own. SUdl detects, \hey say. m.ke
Federal induslnal poIiOos all too
prone to producing wllile elephants.

Oflieilis 01 the space agency Viaor·
ousIy defend ACTS, SlYIOI lI>lll ;LS
~rirMnts are import.ut and rep..
resent the kind of futuristic nsk·tak·
in& thai only governments can afford.
'The cra1t has attracted re-.. major
players from industry, tbe'). say. be-
cause it!; rocky history at ups and
downs in financing slowed its de-ve-I·
opment and frightened a..-ay polen·

Conlmlled 011p~ OJ

~ ..n.r"",""'T_

C
APE CANAVDAL, FIa..
July 17 - As the CllnlOl1
Admuustraticll prods the
S7G-biJtion..a·,ar Federal

resnrch complex mlO ..... mo~ 10
Ilelp American busineso devise .....
technologies, experU AY k should
hoed the muddlesu~ a S6IO
miJ1lon Federal sateIIR. The craft IS
expected 10 be placed __ III tile
_ week or so after 1be delayed
mlsa'" 01 !he space _ Disaw·
ery getS 011 !he groomd.

TIle Advanced e-mua;catloDs
TecI>noIoIY Salelllle, • ACTS, wbidI
was under deY'OlopI1lelll ..,. IlASA 10<
more than • decade, Is a 47.foot, hlgIt
technology -...der pacted with tile
latest sear. 1l'Ie National Ael'Dnl:Uucs
ond Space Adminl......... IIails It IS

tile firs! 01 a new g_at light·
ning·rast communicatiaDs crafl for
die 21st century,

That may be !be cue. BuI 10 lar
the ce_1 experi.,...!las _rat·
ed little or no IDterest amon& IU lII8JlI
targets - Amorlcan _ build-
ers, wIIo say iU IlJlCl&otrJ io el\her
Irrelevut ID tbelr ..... fir lDIIliDll-

Rivers deprived of weUands
AboutS4

percent of the
or'9"'&1215 million

acres of wetlands i'\
the 48 contiguous

states have been lost
.mce Europe.n

settlement. Mo.t of the
loss resulted from

draInage to create farms

The
overflow
wetlands

., • Wetl&ndf the moll
.f.!I.~, .~~

, ",,.~fNUM; ~
'" ~ ..etpeeldyilcll

~_'""!!,.. \~J'~olpla ....,anImaIa
, , .' IIld ricrobn. WlIIIanda and
,'- ~ h nenow Ilr:tpa ofgr.
, '.hM>llaI8Iang__depend

on OOCIlsionallloocllng and are
~ or degraded when

watar is cut 011 by lev..... or
diversion channels.

Sourc!!'. T~ hiarural HallJfd$ Rre.searc/'l anoApptCllt,OfJ$ IntO"tnlr,onC""er, Universtrr 01
Cotor.do lit BovIder

SOmetime&, he l.dd,lhis mf"d/;5 th'" dt'...el·
oped areas "need to be de~ rtd au, so the
river can flood. a~ we koow 11 'NiH, 'l't'ithout
damaslng propertI" In of:he' jr'sLaJ1C"'S Ie5S

drastk mea SUrei '::.an sulfa
One obviOus 11m lalion 10 \t,e new :,1 rltegy

~5 that many corr rnunitle~ llave kN* since
committed lhemSl'lves to hV'flg on lhe flood
plain, and with ir )ditlonal s: nJ ::lur:il meth
ods of flood COI11roi. "Wear't pwk Des
Moines up and pur it on a hdl, said Ha rry
Kitch. an Army O:;rps of Eng,1E..~rs lJf'IClal m
Washington who handles fl&1CI·00nt,.,1 plan-

Continued on P~" I 8

~c;;> ~ ~
, "\',

developmenl a.ay lrom \he nood plll;n, p'~
lervinl or~ III ecosystems and let
ling waler IIow IS lreely IS pos.ible '" that
natural fIood..<uItrol mechanisms can wort..

Acrou the c:MIRltYl lUtes and communi-,
ties a~ explorill& alternatives 10 dikes, le
vees .nd IJcod ••11•• They a~ aCQulnll8
wetlands co~ as natural flood basin&.
They are ~urin& \he plllin 10 create
detention areu for flood waten. tlley a~

preserving stretc:bes of flood plain in urban
areas which, .. between periods of high WI
ter. serve IS parks., ball fields and green
...ys.. Sorne~m~ are dlscoura.,glng
newde""lop.- emllood plains by reqUIring
expensl"" !Jood.pf'Oof1ng measures, such as
PUttlna bulldlolS em piers and coostructlJlll
private detentDl ponds. One town, Soldiers
Grove, Wis., bas taken the radical step of
moving it5 ent.ir'e busirwss district to higher
grtlWld.

"For too loo& we've been trymg to adjust
rivers to huma needs. and then we wonder
wily our riVers an messed up and wily .e
continue to Btl nooded; it's not a mystery,"
..id uny IAnm. director 01 tlle Associa·
tlcn 01 State F100dplaln Managers, an organ!
zatlcn 01 prof.........ls ."gaged In nood-plam
management ond IIood ccmtrol. "We need 10
adjust blunan behavior to ovpr systems."
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isks of Denying Rivers 'Their r:'lood P1aiiiH t 1 ,)?atellite
A White

ephant,
SomeSay

SCD:NTIST liT WO_

Jimmie Holland

Listening to the Emotional Needs of Cancer Patients



NASA's Communications Satellite
Seen by Some as \Vhite Elephant
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HU.Ulon wHi re-lay inlf'rtor lf1luM,t's of
the human eychull to ICSI remote
medical diagnosiS.

NBC will relay Images from re
mOle news·g8therlng slles. The Com
mun'caUoI\J sal("llite CorporatkH'l of
'Nald1lnMton, 8 mlt)ur panldrmnt In
(he cornmunlc~dkmsOOljIIlCS!i Jlnd !In
ACTS contfactur, will test the general
system.

And the NASA Lewis Research
Center, the homf' of ACTS, wlll p('r·
form a bevy of tests to see how w~l\

the Whole thinK works In Lhc nun.
Mr. Knlaht 01 lhe l.ewls cenlcr ..Id

way. to f1aht rllin tttlcnunlion II\clwj·
ed coding schemes thlt reconstrutl
ed 10Sl data, power boosting thaI
blasted through rain clouds.. and geo·
graphtcally separilling earth sta·
tions, [0 lower odds of rain interrup
tion.

In a news release on ACTS, NASA
said, "Technology spmoff is already
occurring" and named a company,
Norris Communtcations, that it said
was preparlnl to build • Ka-band
communjcatlon. lUIlr!JUe, But there
are lOme doubts about the sertOUJ'
nen of this .cHon.

., Bated in Red Lion. Pa., NorriS
. Communtcatlons h, a limaII company

owned by John H, Norris, who also
I'" ....w Yllflllll',.. runa lOCAl rauJlu UIllI It'lrvl_lull .Ill

t1uns there, •• well UII the Kt"Yliton~

lhower., while lower frequency ill- -- .--- Insplr.Uonal Network. AccordmK to

~~~:Io;~~~~~~r::::~~~~s':'~; Despite its critics, the ~:;'::'~~:'~ic~l~o':::~;I~I~~~:'bny
higher the frequency, the areater the 11' f d f rented 5Otelille.'s ". rellglous-Chrls-
fISk. The daunting chanenge to ACTS sate lte oun avor tlan program source for cable-TV
was 10 find ways to ellmlnate rlln • C stations Interested In family pro-
f.de. otherWISe no company woutd In ongress. grammlll8."
ever want 10 use the- Ka band fOf Neither Mr. Moul nor anyone ('18('
geosynchronous satellites, given the reached at the company knew when
prospect ~ constant interruptions. tacka b the free-markel enthusiasts the satellite might be built or

"ACTS IS 10 do hands.on expert- Y . t' launched. Auempts [0 reach Mr. Nor
menta with this attenuation and tech. of the Reagan AetmlOu)lra Ion ~alled rls were unsuccessful.
niques for combating It," sakf Mr. to atop tt. although its budget zigged Commercial satellite builder& do
Knight of NASA. "We may not solve. and zagged over the years, In 198oC, have some interest In the Ka band,
the problems completely but we'll Dr. George A. Keyworth 2d, the Presl- but not where ACTS Is teslIng It
under.tand them far better, And we I denUa!, aclence adviser, said thlt he 22,300 mtlel above Earth. In much
think that'. a valuable resource for could not undenllnd why Ihe Fed- lowt'rorbu. KI-barnhlM;nal' are' pow-
future utellite-sYlitem deligners," era' Government should txpe~d erfUl enough to cut through nun

But Industry officials faulted most funds to demonstrate 20-30 glgahe tz douds withoUt fancy equipment or
of NASA's analyses, even as ACTS' technology when Ind':l5trx has an techniques. Thus, Motorola, WhIch
gained momentum 1n the late 1970'1 enormous profit Incentive. has no expertence building Whole sat·
and early 1980's. In May 1980, Dr. AI ACTS moved ahead by fits and elUtes, is eyeing the Ka band for
Arno Penzlas, a Nobel laureate at 5t.rt" alway. teelering on [he brJnk operating .some aspects of Its pro-
A.T.& T. Bell Laboratoriea, told the of extlncUon foreign ROV ment posed lJid'um system 01 global Wlre-
HOUle science committee that launched thel'r own Ka.banJ~~~H sat~ less telephony. The Iridium satellites
A. T.& T. had mvesUgaled the ra~n· ellJtea taster than NASA. "Jap~n and are to fly in orbits 483 miles high.
fade problem of the Ka band on III Europe have spent an enormous .tbmIMQ" ( Ie' p((p"ruf ,~" J

C~~ltar sa!elhtes..,l its own ex~~se, amount of money on thiS lind nobody --- , ..,
We don t like what we see, he kl1OW,l what tt's good for" M Plk ( Montye Male, public affairs dlrec· ,.

said. Indeed. A,T.o!< T. droppedf'ans ..lei. • r. P lor for the TRW Space" Eleclronlcs ,
to use the Ka band because 0 lhat I Group.' based In Redondo Beach. I
problem, because of the expense of 50 loo. the ACTS program has n·, CaUf., saki TRW had Investigated lhe ,
deveJopJn8 the- new technolOlY and, pertenced a hard time "lgnl"R up \ Ka band on III own .nd had no Inter-

:~~~~~~~o~r~~'.~~~~ ~~d~ ::r.;1~~~;.s+"~~~tt~g~f'~I~~j~~~~ \ ::~~i~~a~~~t~::~~~n ACTS,
'ilven the lncretUilniu5c of f1bcr-optlc of a hodgepodge of lhe scrlous and' "Why lnvest lhe lime whl'fl you .
ctlbles and new ways to ~ck mOrt nol-eo-.erWus. American E~pre55 llhlnk you've done a lot of research on'

,slgnalll Into eXlslinK frequencies. will relay data between its sites In ..tour own?" lhe asked. ~J'"
The Federal Communications Phoenix and Mexico City. Ohio Unl· )i(fiil9lti dY • iliOla. OJ nr CTS

Commission, which assigns transmls- versUy wHl help the Kuntlngton Bank story Is that Government should
ston frequencies, agreed, telUn. Con· ,of Columbus, OhIO, ~Iay data to ,one tread very ginserJy when it tries to

,gress in 1980 that crowding argu- of Its check processing centers 10 • help industry technically and that any
,menls were "largely 5ubJecUve and IUburb of Cleveland. akl programs that do mlterialize
~ on IUlie an.ly.'•.••.. .hould be .tructured 10 that bullneu-
~I.te .uch '''ppralaall, ACTS. . NASA'. Kennedy Space, Cenler et pay. tubat.nU.1 part ot the costl,
~ wllIl. cona.__. I pa•.{ 11Ift In F.lorlda plalll a video link with creating an opening lor the discipline
~..~,.CRlIf~ camer fA) train employ. of marlcel rnecllantsmL Otherwise.

..........., ~t.. -aJapMaca .... ,1p-

'!','fI/!:'tr

IllL .'J If

The high frequencies
used by the satellite
can be scattered by
raindrops.

lin' pledging 10 shift lens of billions or
(JHllnrs rrom Federal programs that
foq~e armamenu Into onel that ros
Ier Civil jndustrlel, The AdmJnJ.tra·
tlllll'!t a1m 11 to flood the economy
WI! II Innovative 10001 and lervlces,
II(llllg the generallovel of prosperity
and strengthening American Indu!ltry
for international trade wars.

The !leeds or the project were sown

~~';~~c~~er~9~~~~~~::r:~es:r~~i~~
('ommunlcatlons Industry. Such craft
sit mainly jn 22,300·mlle...hlgh orbits
thai are staUonary relative to
Earth's surface. From those geosyn
chronOU!I orbitl, they relay Signals

jt~::jt~~dC~W:I~~OnTfn:;~~~~: :s~
to transmlt 51gnals, NASA proposed
un t'xpcrimentaJ crall, ACTS, that
wuuld uperate In the vlraln lerrllOry
of hiMher frequenclel.

IJw I.eth' wnl • (·ommon ont'o ThC'
:lOth century h•• seen radiO, telev/
Sltln Bod satellite broadcasts all
mlllTh up the ~k!ctrom8Rnetic apet·

~~~l~ln~O~~~.~'J:tU:~j~~~~I~
cally but offers great rewards, since
hl~her frequencies can transmit far
~1(·;lter amounts of Information

Sulcilites normally use the C band,
al .. and 6 Rlgaherlz, and the Ku band,
af If and 'of gigahertz. A herrz is a
unil 01 frequency equaling one cycle
p('r second. A gilaherU 11 8 billion
hl'r(L A radio wave at the frequency
of a gigahertz vibrates so rapidly
that, while moVing past a stationary
J>(1I1l1. It goes through a bUlion up-and
d.lwn cycletl a "econd.

What NASA ~nvl.toned was' salel·
1I11' operating In the Ka band, at 20
giRahertz and JO gigahertz. This eJec-

trllmaM,netic wlldernf'u has 2.5 MIKti·
h("I'll of speclrum available, or five
Ijnl<"S what Is uM'd by conventional
... lII'IIUtHI all lower fr('!~uencle•. It Is.
('/t'<:trom88neUcally al lea'l, wide
llfwll for explultatlon

I he higher frequency 1I1bU meant

~f~n~~ ~~~~~t:ed8~~r~~i~:sst~i
electromaGnetic coupllnH. The anten
nas cookl be four feet across and
possibly smaller.
RaIa...__

ply to fill up vBcancles. In contrast,
NASA IClerutrlc satellites like the'
Hubble Space TeleliCOpe or the Comp
ton Gamma Ray Observatory uluaJly
IUract I larae surplul of expertmen·

ta~·ft~':;. soclaUsm," nld John
E. Pike, head of space POlicy at the
Federation of American Scientists, a
private group in Washington. "With
ACTS. the Government is funding
sturr the market has rejected, It's a
CAse Iltudy In how Federal efforts to
enhance American competlUvene.ss
CAn go awry."

The trtbulaUons of the project are
seen ... vlvJd lesson tor the Clinton
Adminlatr.uon. Which 'came Into of-
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Conhf\W'd From POle CJ

.:~

illl UlIIl!rl.
.. peopae were never lure we were

. eal. beelUIe of fundln. cutblick.,"
.• Id Rodney M. Knlshl, an ACTS
manager at NASA's Lewis Research
'''nler in Cleveland. "But 1think they
"'e we're reaf now and will ~e! in·
,olved. They cannot afford lo lose the
'JUsiness edge,"

!be spacecraft has 71 expertments
~) far, Mr. Knight said, noting that
I_here was stili Hmiled room for serl
'illS proposals. Some extsUng tests by
"lASA centen appear to ~ rather
fll\lOlQul and ue perhaps there aim·


